Context: Conventional dietary approaches for the treatment of obesity have generally yielded disappointing results.
Arch Pediatr Adolesc Med. 2000; 154:947-951 E XCESSIVE BODY weight is arguably the most prevalent medical problem in the United States today. Approximately 25% of children and more than 50% of adults are considered overweight according to data from the most recent National Health and Nutrition Examination Survey. 1, 2 Overweight and obesity in childhood contribute to a range of immediate and longterm problems, including diabetes mellitus, dyslipidemia, hypertension, sleep apnea, musculoskeletal problems, gastrointestinal disease, and psychosocial difficulties. 3, 4 Overweight children, especially those older than 7 years, are at increased risk for obesity and cardiovascular disease in adulthood. 5, 6 The standard approach to the treatment of obesity involves the reduction of dietary fat, the most energy-dense nutrient. The US Department of Agriculture, the American Heart Association (Dallas, Tex), and the American Diabetes Association (Alexandria, Va) currently recommend reduced-fat diets in the prevention and treatment of obesity. [7] [8] [9] However, weight loss on reduced-fat diets is characteristically modest and transient. [10] [11] [12] Moreover, prevalence rates of overweight and obesity have risen dramatically in recent years, despite decreases in dietary fat as a percentage of total energy to near recommended levels. 13, 14 Recently, a low-glycemic index (GI) diet has been proposed as a novel treatment for obesity. [15] [16] [17] Glycemic index refers to the relative rise in blood glucose occurring after consumption of a food containing a standard amount of carbohydrate. 18 Most refined grain products and potatoes have a high GI, whereas nonstarchy vegetables, legumes, and fruits generally have a low GI. 19 The glycemic response to a meal increases with the carbohydrate content and GI of the component foods, but decreases with fiber, protein, and fat content. [19] [20] [21] [22] Glycemic index may affect hunger through effects on pancreatic hormone secretion that, in turn, alter availability of metabolic fuels after a meal. 16, 17 Of 16 studies published to date relating GI to hunger, satiety, or voluntary food intake, 15 demonstrated beneficial effects of low-compared with high-GI meals. 17 However, the effects of GI on body weight have not been examined.
The purpose of this study was to evaluate the effects of a low-GI diet in a pediatric outpatient setting. Specifically, we sought to test the hypothesis that a low-GI diet would result in greater weight loss compared with a reduced-fat diet among obese children remaining in outpatient treatment for at least 1 month.
RESULTS
Characteristics of the cohort are described in Table 1 according to dietary treatment group. Mean age, length of follow-up, number of visits, and sex were similar between the 2 treatment groups. Baseline BMI and body weight were slightly greater in the reduced-fat group compared with the low-GI group, but the difference was not statistically significant. Ethnicity differed in the study cohort primarily owing to different follow-up rates (of the 190 patients before exclusion for lack of follow-up, white subjects comprised 71% of 118 individuals assigned to the low-GI group vs 67% of 72 individuals assigned to the reduced-fat group). Patients in the low-GI group were somewhat more likely (P=.09) to receive a referral for behavioral therapy than patients in the reduced-fat group. No adverse events were reported during the study period.
The We also obtained similar results when restricting the analyses to those subjects who did not receive behavioral treatment (mean BMI change after adjustment as
PARTICIPANTS AND METHODS

STUDY DESIGN
During the period between September 1, 1997, and August 31, 1998, children attending the Optimal Weight for Life Program at Children's Hospital, Boston, Mass, for treatment of obesity were assigned by the program administrator, based on schedule availability, to 1 of 2 teams, each composed of a subspecialty-trained pediatrician, a dietitian, and at times a pediatric nurse practitioner. One team prescribed a low-GI diet, the other a reduced-fat diet. Except for specific dietary recommendations, each team provided similar diagnostic evaluation and treatment. To estimate the effects of dietary treatment on body fatness, we retrospectively examined the changes in body mass index (BMI [calculated as weight in kilograms divided by the square of height in meters]) and body weight from the participant's initial visit to last visit before December 31, 1998, according to dietary treatment assignment. The mean changes were adjusted for potential confounding variables as described below.
PARTICIPANTS
A total of 190 patients (excluding those with Cushing syndrome, hypothyroidism, hypothalamic disease, diabetes mellitus or an obesity-associated genetic syndrome, or those concurrently following a very low-energy diet) were evaluated during the study period. We further excluded 83 individuals for lack of follow-up (Ͻ1 month) and/or incomplete data, leaving a cohort of 107. Descriptive characteristics of this cohort are presented in Table 1 .
STANDARD TREATMENT COMPONENTS
All patients received a comprehensive medical evaluation (medical history, physical examination, and laboratory investigation), dietary counseling, and lifestyle counseling (recommendations were based on decreasing physical inactivity and increasing physical activity). Counseling sessions included the child and at least 1 parent, when possible, according to established practice. 23 Specific goals were individualized, with consideration given to the patient's developmental level and readiness to change. 24, 25 Follow-up appointments were generally recommended to occur on a monthly basis for the first 4 months, and then as needed.
In addition, problem-focused behavior therapy was provided by the program psychologist on an individual basis when referred by a team member. Within these sessions, a particular nutritional or physical activity goal was identified as a primary treatment target. A behavioral program was then developed, using positive reinforcement for meeting the specified goal. Specifics of treatment were adapted according to the patient's age and developmental stage. 24, 25 
DIETARY TREATMENTS
One team prescribed a standard balanced, hypoenergetic reduced-fat diet because of research demonstrating improvements in adiposity on this diet when combined with behavioral modification and exercise. 26 , 27 The diet followed US Department of Agriculture recommendations for intake of specific food types, as depicted by the Food Guide Pyramid. 28 Particular emphasis was placed on limiting intake of high-fat, high-sugar, and energy-dense foods, and increasing intake of grain products, vegetables, and fruit. Discouragingly, efforts by the vast majority of these individuals will fail to achieve lasting weight loss. 10, 30, 31 Reduced-fat and/or energy-restricted diets generally produce a maximum 10% decrease in body weight among those individuals remaining in treatment programs. Much of this weight is regained within 12 months, with a virtually complete relapse after 5 years. Clinical studies of obesity treatment in children have yielded mixed results. 27, 32 This situation has prompted calls from experts and official agencies for the development of innovative treatment strategies. 33 The results of this study suggest that a low-GI diet may be one such approach.
Children receiving the standard reduced-fat diet showed no change in adjusted BMI during the course of the study, representing a modest improvement over the increase in BMI that would be expected with increasing age. 34 By contrast, children receiving the low-GI diet showed an adjusted decrease in BMI of 1.15 kg/m 2 . This result is especially interesting in that the low-GI diet involved no restriction of total energy or specific macronutrient consumption. Instead, patients in this treatment group were encouraged to eat to satiety and snack when hungry. Furthermore, the magnitude of the effect seen here may have been limited by factors inherent to an urban pediatric obesity clinic, including a heterogeneous patient population, inadequate insurance coverage for obesity management, 35 and poverty. To our knowledge, the vast majority of pediatric obesity studies to date have tested different behavioral modification techniques or multimodality programs (behavioral therapy, diet, and physical activity together). 27, 32 Surprisingly few studies involving children have examined the effects of dietary composition on weight loss per se, while controlling for other interventions. In our study, by contrast, specific dietary prescriptions differed between groups, whereas dietary counseling methods (parent and child), behavioral modification techniques, 24, 25 ancillary recommendations (to increase physical activity and decrease inactivity), and treatment intensity did not.
Regarding possible underlying mechanisms, a low-GI diet may facilitate weight loss by lowering insulin levels. High-GI diets stimulate more insulin secretion than isoenRecommendations were tailored on an individual basis to incorporate an energy restriction of approximately 1042 kJ (250 kcal) to 2084 kJ (500 kcal) per day compared with usual energy intake. Specific macronutrient goals were 55% to 60% carbohydrate, 15% to 20% protein, and 25% to 30% fat.
The other team prescribed a low-GI diet because of preliminary research suggesting a physiologic mechanism relating GI to body weight regulation.
16, 17 The low-GI diet was designed to obtain the lowest glycemic response possible while providing adequate dietary carbohydrates, satisfying all nutritional recommendations for children, and maintaining palatability. This diet differed from the standard diet not just in the GI of the component carbohydrates foods, but also in the macronutrient ratio. Emphasis was placed on food selection, not energy restriction: patients were instructed to eat to satiety and snack when hungry. Specifically, patients were told to combine low-GI carbohydrate, protein, and fat at every meal and snack. A "Low-GI Pyramid," 17 modeled after the Food Guide Pyramid, was used as a teaching tool. This modified pyramid placed vegetables, legumes, and fruits at the base, lean proteins and dairy products on the second level, whole-grain products on the third level, and refined grain products, potatoes, and concentrated sugars at the top. Specific macronutrient goals were 45% to 50% carbohydrate, 20% to 25% protein, and 30% to 35% fat.
MEASUREMENT OF OUTCOME VARIABLES
The primary outcome variables were change in BMI and change in body weight. Height was measured to the nearest 0.1 cm with a wall-mounted stadiometer (Holtrain Ltd, Crymych, England) and weight was measured to the nearest 0.01 kg with an electronic scale (Scaletronix model 6702; Scaletronix Inc, Wheaton, Ill). Changes in BMI and body weight were computed by subtracting the value at the last visit from the value at the first visit.
STATISTICAL ANALYSIS
Statistical Product and Service Solutions version 9.0 (SPSS Inc, Raleigh, NC) software was used for all statistical analyses. Independent t tests for continuous variables and 2 tests for discrete variables and percentages were used to compare descriptive characteristics of the 2 treatment groups. General linear regression models were used to compute mean changes in BMI and body weight for the low-GI and reduced-fat treatment groups. These means were adjusted for potential confounders, including descriptive characteristics, baseline BMI or body weight, follow-up duration, and behavioral therapy referral (see above), using the least squares method. Statistical significance was defined as P Ͻ.05 using 2-tailed tests. Ninetyfive percent confidence intervals were computed to provide an estimate of the precision for the mean changes. All 2-way interaction terms between dietary treatment and covariates were individually entered into the models to evaluate whether treatment effects might differ according to levels of the covariates. In addition to the multiple linear regression models, we used subgroup analyses to address potential confounding by difference in behavioral therapy referrals and ethnicity. As a test of internal validity, we restricted these subgroup analyses to white subjects and to those subjects who did not receive behavioral therapy. There were too few black and Hispanic subjects to warrant race-specific analyses. We also performed analyses stratified by tertiles of baseline BMI.
ergetic, low-GI diets, as evidenced by higher postprandial insulin levels and greater c-peptide secretion. 36, 37 Acutely, high insulin levels would tend to promote uptake of nutrients into liver, muscle, and adipose tissue; inhibit hepatic release of glucose; and suppress lipolysis. After the nutrients of a high-GI meal have been absorbed from the digestive tract, the body may have difficulty accessing stored metabolic fuels, leading to excessive hunger and overeating. 16 Chronically, hyperinsulinemia would tend to direct nutrients from oxidation to storage. Several, though not all, epidemiological studies have shown that individuals with the highest fasting or stimulated insulin levels at baseline gain the most weight prospectively. [38] [39] [40] Moreover, insulin treatment of type 2 diabetes, 41 and intensive insulin treatment of type 1 diabeties 42 predictably results in weight gain. In animal studies, a high-GI diet was found to increase fatty acid synthetase activity, adipocyte size, glucose incorporation into total lipids, 43, 44 and insulin resistance 45, 46 compared with a low-GI diet.
Several issues relating to study design and interpretation should be addressed. First, participants were not formally randomized to treatment group. Thus, the presence of confounding influences, such as selection bias and provider effects, cannot be excluded. Second, dietary change was not monitored following intervention (as, for example, with diet records). Therefore, the degree to which noncompliance affected outcome is not known. Third, mean follow-up time was relatively short (4.3 months); long-term evaluation of the dietary treatments is beyond the scope of this study. Fourth, the target macronutrient composition of the low-GI diet differed from that of the reduced-fat diet, in an attempt to obtain the lowest possible glycemic response. Therefore, the effects of this diet can not be attributed solely to GI. In light of these qualifications, our findings should be viewed as preliminary.
Nevertheless, we believe that these findings are relevant because the magnitude of the observed effect is large and remained significant after adjustment for a variety of potentially confounding factors; the low-GI diet was tested against the current standard of care; and the data are consistent with a plausible physiologic mechanism. Moreover, the study reflects experience of a major, clinical pediatric obesity program, not a specialized research protocol employing carefully selected subjects and costly interventions. Rather, our study confronted a variety of problems inherent to the outpatient treatment of childhood obesity today, including variable motivation and compliance (eg, some patients enrolled in our program at the insistence of a parent or physician, and have little interest in losing weight), limited resources (ie, inadequate insurance reimbursement), and a lengthy waiting period for clinic appointments. Thus, the findings speak to the clinical effectiveness of this dietary approach. 47 Finally, this study underscores the need for a prospective, controlled clinical trial of a low-GI diet in the treatment of obesity.
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